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Summary  The  Ponseti  method  applied  to  treating  idiopathic  club  foot  consists  in  placing
successive  corrective  casts,  possibly  an  Achilles  tendon  tenotomy,  then  derotation  braces,
a method  that  has  proven  its  efﬁcacy.  This  study  compared  221  cases  of  club  foot  treated
with this  method  between  2002  and  2007  divided  into  two  groups,  based  on  whether  or  not
Achilles tendon  tenotomy  was  performed.  Assessment  was  both  clinical  and  sonographic.  We
observed clear  improvement  of  the  results  in  the  group  that  underwent  Achilles  tendon  teno-
tomy and  a  signiﬁcant  difference  in  the  rate  of  secondary  surgery.  The  sonographic  evaluation
also showed  improvement  of  the  morphological  results.  We  now  systematically  propose  Achilles
tendon tenotomy  however  severe  club  foot  may  be.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
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cIntroduction
In  the  treatment  of  early  idiopathic  club  foot,  the  Ponseti
method  [1]  includes  weekly  wear  of  corrective  casts  [2],
followed  by  derotation  braces  to  preserve  the  corrections
obtained.  Ponseti  suggested  percutaneous  Achilles  tendon
tenotomy  when  dorsiﬂexion  of  the  ankle  was  less  than  15
to  20◦ or  when  the  calcaneus  appeared  ‘‘high’’  before  the
last  cast  [3].  We  compared  230  club  feet  treated  using  this
method,  divided  into  two  groups  depending  on  whether  or
∗ Corresponding author. Tel.: +33 0 299284321.
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doi:10.1016/j.otsr.2012.03.001ot  Achilles  tendon  tenotomy  was  performed.  The  evalua-
ion  was  both  clinical  and  sonographic.
aterial and methods
his  was  a  retrospective  study  of  158  patients  (221  idiopathic
lub  feet)  treated  between  2002  and  2007  using  the  Ponseti
ethod  (sex  ratio,  2.3  boys  for  one  girl;  54%  bilateral  forms).
Our  initial  experience  of  this  method  in  2002  did  not
ncite  us  to  propose  an  Achilles  tendon  tenotomy.  Beginning
n  2005,  the  feeling  that  this  procedure  seemed  beneﬁcial,
ncluding  in  the  most  severe  forms,  encouraged  us  to  pro-
ose  an  Achilles  tendon  tenotomy  to  all  the  children  treated.
e  were  therefore  able  to  make  up  two  groups:
served.
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 group  1:  no  Achilles  tendon  tenotomy  (77  patients;  22
females  and  55  males;  106  club  feet)  treated  between
2002  and  2004;
 group  2:  with  Achilles  tendon  tenotomy  (81  patients;  28
females  and  53  males;  115  club  feet)  treated  between
2005  and  2007.
To  compare  the  results  of  the  two  groups,  we  used  two
ethods:
 a  clinical  method  including  the  Diméglio  classiﬁcation  [4]
and  the  clinical  aspect  (excellent,  good,  fair,  poor).  The
need  for  complementary  surgery  (posteromedial  release
[PMR]  or  a  later  intervention  including  Achilles  tendon
lengthening)  was  taken  into  account  and  subjected  to  a
statistical  test  (Z-test).  P  <  0.05  was  considered  signiﬁ-
cant.  The  need  for  transfer  of  the  anterior  tibial  tendon
was  studied,  as  were  repeated  tenotomies;
a  sonographic  method:  the  sonographs  were  performed
systematically  before  the  ﬁrst  cast  was  placed,  before
Achilles  tendon  tenotomy  when  it  was  proposed,  then  at
3,  6,  9,  and  12  months.
Four  cuts  were  made:  three  cuts  described  by  Hamel  and
ecker  [5]  as  well  as  one  cut  through  the  anterior  approach,
ith  the  angle  measurements  made  in  the  maximum  cor-
ection  position.  We  worked  on  the  hindfoot,  calculating
he  talocalcaneal  divergence  (TCD)  (Fig.  1)  and  the  equinus
eformity  (metaphyseal-talocalcaneal  [MTC]  angle)  (Fig.  2).
he  value  that  we  chose  for  the  TCD  corresponded  to  the
igure  1  Example  of  an  axial  cut  via  the  medial  approach
a: normal  foot;  b:  club  foot).  Measurement  of  talocalcaneal
ivergence  (TCD).  Ca:  calcaneus;  Ta:  talus.
Figure  2  Example  of  a  sagittal  cut  via  the  posterior  approach
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2a: normal  foot;  b:  club  foot).  Measurement  of  the  metaphyseal-
alocalcaneal  angle  (MTC).  Tib:  tibia;  Ca:  calcaneus;  Ta:  talus.
ean  of  the  two  measurements  taken  of  this  angle  via  the
edial  and  lateral  approaches.
Reference  measurements  were  taken  on  a control  group
17  infants  less  than  1  month  old)  [6].  The  mean  TCD  was
7◦ ±  5◦and  the  MTC  angle  was  104◦ ±  10◦.
We  compared  the  measurements  of  these  two  angles
etween  the  beginning  of  treatment  and  at  1  year.  The  dif-
erences  observed  were  subjected  to  the  Z-test.  If  P  <  0.05,
he  difference  was  signiﬁcant.
esults
linical  results
he  club  feet  were  distributed  based  on  the  groups  and
everity  of  the  deformity  (Figs.  3  and  4).  The  ﬁrst  cast  was
ade  at  a  mean  6.9  days  (range,  2—32  days)  in  group  1  and
.1  days  (range,  4—19  days)  in  group  2.  The  number  of  casts
as  the  same  in  the  two  groups  (mean,  9.2  casts).  The  teno-
omy  was  performed  in  the  operating  room  under  general
nesthesia  or  premedication  if  there  were  contraindica-
ions.  The  mean  age  at  the  time  of  tenotomy  was  2  months
nd  15  days.No  complications  were  observed  after  the  tenotomy.
The  mean  follow-up  for  the  group  1  patients  was
 years  (range,  4—9  years)  and  4  years  for  group  2  (range,
.5—5  years).
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Figure  3  Distribution  of  group  1  patients  (%)  according  to
grade.
Figure  4  Distribution  of  group  2  patients  (%)  according  to
grade.
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Figure  6  Distribution  of  results  (%)  according  to  initial  grade
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systematically,  particularly  since  it  is  simple  and  minimallyFigure  5  Distribution  of  results  (%)  according  to  initial  grade
in group  1.
We  correlated  the  Diméglio  grades  and  the  clinical  aspect
at  the  last  follow-up  for  each  of  the  groups  (Figs.  5  and  6).
The  results  and  the  different  statistics  on  complementary
surgery  were  studied  (Table  1).  The  mean  age  at  surgery  was
21  months  in  group  1  and  24  months  in  group  2.
Anterior  tibial  transfer  was  infrequent  in  this  study  (two
cases  in  group  2  at  3  years),  an  Achilles  tendon  tenotomy  was
repeated  in  one  case.  No  statistical  analysis  was  done  on  the
latter  two  results.
Sonographic  resultsSonographic  results  are  shown  in  Table  2.
i
hn group  2.
iscussion
he  Ponseti  method  [7]  is  recognized  as  being  the  ﬁrst-
hoice  method  in  early  treatment  of  club  foot  [8].  However,
he  place  of  Achilles  tendon  tenotomy  remains  under
ebate,  with  Ponseti  proposing  it  in  his  original  method
nly  for  ankle  dorsiﬂexion  values  less  than  15  to  20◦.  These
alues  are  also  suggested  by  Scher  et  al.  [9].  For  these
uthors,  following  the  analysis  of  50  club  feet  treated
ccording  to  Ponseti,  with  36  feet  (72%)  having  undergone
 tenotomy,  there  was  no  signiﬁcant  difference  clinically
etween  the  two  groups  when  the  last  cast  was  removed.
hey  used  the  Diméglio  classiﬁcation  and  reported  89%
xcellent  results  for  the  tenotomy  group  and  86%  in  the
roup  without.  On  the  other  hand,  a  signiﬁcant  difference
P  =  0.02)  was  found  when  using  one  of  the  items  on  the
irani  score  (emptiness  of  the  heel,  cited  by  Sher  et  al.  [9]),
ith  less  good  results  in  the  group  with  no  Achilles  tendon
enotomy.  Sher  et  al.  [9]  concluded  that  severe  club  feet
ere  improved  with  tenotomy  and  achieved  the  results  of
oderate  club  feet  patients  without  tenotomy.
To  our  knowledge,  comparison  of  the  results  of  patients
ho  had  or  did  not  have  Achilles  tendon  tenotomy  has  not
een  reported.  Morcuende  et  al.  [10]  did  not  provide  a
esponse  to  this  question  despite  a  study  on  230  patients
319  club  feet),  68%  of  whom  had  Achilles  tendon  tenotomy.
n  2002,  Chotel  et  al.  [2]  published  the  preliminary  results  of
0  club  feet  with  a  follow-up  of  20  months.  Achilles  tendon
enotomy  was  performed  in  95%  of  the  cases.  At  the  end
f  the  series  of  casts,  the  authors  reported  one  reduction
ailure  and  at  follow-up  recurrence  of  the  deformity  in  16
atients,  explained  by  the  insufﬁcient  time  for  derotation
race  wear.  These  patients  all  had  a  new  series  of  casts
arly,  which  made  it  possible  to  forego  surgery  for  seven  of
hem  according  to  the  authors.
In  the  present  series,  we  observed  overall  improvement
f  the  results  in  group  2  compared  to  group  1.  We  believe  it
s  useful  to  attempt  to  improve  the  results  of  moderate  club
oot  deformities  as  well,  and  systematic  Achilles  tendon
enotomy  could  be  a  means  to  do  so.  These  observations
ave  prompted  us  to  propose  Achilles  tendon  tenotomynvasive,  with  only  rare  complications  [11], with  rapid
ealing  of  the  Achilles  tendon  [12].
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Table  1  Secondary  surgery  rate.
Group  1  (%)  Group  2  (%)  Statistical  difference,  P
Overall  revision  rate  48  6  <  0.001  (CI  =  95%)
Posteromedial  release  (PMR)  16  4  0.06
Later intervention  32  2  <  0.001
Table  2  Sonographic  measurements  of  progression  in  degrees  of  the  talocalcaneal  divergence  and  the  metaphyseal-
talocalcaneal  angle  before  treatment  and  at  1  year.
Group  1 Group  2 Statistical  difference  (Z-test),  P
Talocalcaneal  divergence +15◦ +18◦ 0.06
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[Metaphyseal-talocalcaneal  angle  +10◦
Moreover,  the  analysis  of  the  complementary  surgery
ate  shows  a  signiﬁcant  difference,  which  we  ﬁnd  to  be  an
dditional  argument  for  making  Achilles  tendon  tenotomy
ystematic.
As  for  the  sonographic  analysis,  we  report  results  on  the
alocalcaneal  divergence  and  equinus  deformity  (Table  2),
hich  to  our  knowledge,  have  never  been  reported.  Sonog-
aphy  showed  that  Achilles  tendon  tenotomy  participates  in
he  improvement  of  equinus  foot  as  well  as  talocalcaneal
ivergence.
onclusion
chilles  tendon  tenotomy,  proposed  for  imperfectly
orrected  equinus  deformity,  is  a  simple  intervention
nd  does  not  contraindicate  eventual  surgical  revision.
e  found  overall  improvement  in  both  the  clinical
nd  ultrasound  results  in  the  group  of  patients  with
chilles  tenotomy.  Moreover,  a  signiﬁcant  difference
as  demonstrated  for  the  secondary  surgery  rate.
ll  of  these  conclusions  have  prompted  us  to  per-
orm  systematic  Achilles  tendon  tenotomy  whatever
he  clinical  aspect  may  be  at  the  end  of  the  series  of
asts.isclosure of interest
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[+22◦ <  0.001  (CI  =  95%)
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